Nanopowders of single-crystalline rod-like magnetite have been synthesized in a glycerol-water system under hydrothermal condition by using the goethite (α-FeOOH) precursor. The influence of different reaction parameters on the morphology and composition of the products have been investigated. The structure, morphology and magnetic properties of the products were characterized by X-ray diffraction (XRD), field emission scanning electron microscope (FESEM), transmission electron microscope (TEM) and superconducting quantum interference device (SQUID). The results show that every as-prepared Fe 3 O 4 nanorod with diameter ca.70nm grows along the [110] direction which is one of easy magnetic axes of magnetite. The ratio of glycerol to water has a great effect on the purity at given temperature. Magnetic measurements indicated that the specific saturation magnetization (M s ) and coercivity values (H c ) of magnetite nanorods were 90 emu/g and 172Oe, respectively. An in situ dissolution-reduction-reassembling formation mechanism is recommended for as-synthesized magnetite nanorods.
INTRODUCTION
Nanostructured magnetite (Fe 3 O 4 ) is one of the most important magnetic materials and has extensively practical applications. The magnetic properties and applications of magnetite mainly depend on the size and shape of its crystals. For example, the magnetite nanoparticles (NPs) can be used as nanoadsorbents [1] [2] [3] , cancer diagnostics and treatment [4, 5] , contrast agents in magnetic resonance imaging (MRI) [6, 7] and other aspects [8, 9] . And the one-dimensional magnetite (1D) will be important in building blocks for nanodevices [10, 11] . A most synthetic method for magnetite NPs is usually carried out by the aqueous coprecipitation of Fe 2+ and Fe 3+ [12] . However, magnetic-field induction [13] [14] [15] , chemical vapor deposition [16] [17] [18] [19] and hard templated synthetic methods [20] [21] [22] have also been developed to fabricate 1D magnetites. The above methods for 1D magnetite usually need some special equipments such as high temperature furnaces and magnetic devices which cause a complex and tedious synthesis process. Additionally, the reported 1D nanostructured magnetites usually have lower magnetizations which restrict their applications in nanodevices and magnetic separation. Recently, the socalled polyol reduction synthesized method has been extensively applied to obtain some metal nanoparticles such as Ag [24] [25] [26] and Pt-Pd-Ru [27, 28] nanoparticles with various morphologies. However, comparison with some classical polyol reduction agents such as ethylene glycol and propylene glycol, the glycerol (C 3 H 8 O 3 ) is clearly more convenient because of its lower cost and nontoxicity. Here, a low-cost glycerol reduction method for preparation of the single-crystal magnetite nanorods was presented. The physical and chemical characterization of the synthesized Fe 3 O 4 nanorods was carried out.
EXPERIMENT SECTION
The rod-like magnetites were prepared as follows. In a typical preparation, firstly, 0.1g needle-like goethite (α-FeOOH) nanopowders were added to 100ml beaker with 60ml glycerol-water solution(C 3 H 8 O 3 :H 2 O=3:2) and continuously stirred for 20mins to form yellow suspension. then, the above suspended mixed solution was transferred into to a 100mL Teflon-lined autoclave and maintained at 180°C for 24h. After cooling to ambient temperature naturally, the solid black magnetic products in the autoclave were collected by a magnet and ultrasonically rinsed for several times with deionized water and ethanol, respectively. Finally, the products were dried in a vacuum oven at 100°C for 6 h.
X-ray diffraction (XRD) patterns were conducted on a Philips X'pert diffractometer using CuK α radiation (0.15419 nm). Morphology and structure of the products were analyzed on a Sirion 200 FEG field emission scanning electron microscope (FESEM) and a JEOL-2010 high resolution transmission electron microscope (Oxford, Link ISIS, and HRTEM), respectively. Magnetization measurements were carried out on a superconducting quantum interference device (SQUID) at room temperature.
RESULTS AND DISCUSSION

Morphology and Structure
After the precursor solution was heated at 180°C for 24h, the black powders were collected by a magnet. The corresponding XRD is illustrated in Figure. Field emission scanning electron microscopic (FESEM) observations have shown that the as-obtained Fe 3 O 4 is of rod-like morphology with a nearly rectangular shape, as illustrated in Figure 2a . Every rod is several micrometers in length and ca.70nm in diameter (see Fig. 2b ).
TEM images of as-prepared magnetite nanorods are demonstrated Figure  3 . The select-area electron diffraction (SAED) pattern (the inset of Fig.3a) obtained along a typical individual magnetite nanorod, which demonstrated that the nanorods are single crystals. Moreover, the high-resolution transmission electron microscopy (HRTEM) image of the boxed area in Figure 3a further supported the single-crystalline nature of these magnetite nanorods (Fig.3b) . The lattice fringes (~0.29nm) observed in this image agree well with the separation between the (220) lattice planes which indicate that the as-prepared magnetite nanorods grow along [110] direction which is in good agreement with the reported literature [17, 19] . 
Formation of rod-like magnetite
Deep and systematic studies have revealed that several factors such as the precursor, kinds of reducing agents and ratio of glycerol to water are crucial to formation of the magnetite. Firstly, the reaction temperature determines the chemical reaction rate and hence plays an important role in the formation of Fe 3 O 4 . It has been found that no reaction took place if the temperature was below 180 o C, and too high temperature was power-wasting and not beneficial to the formation of Fe 3 O 4 . Secondly, it was found that the ratio of C 3 H 8 O 3 to H 2 O had a great effect on the composition of the products. The relative experimental results have been shown in the Figure 4 .
From the results in Fig.4 , it was found that the pure hematite (α-Fe 2 O 3 ) will be achieved in a pure water reaction system. As the volume ratio of C 3 H 8 O 3 increases, the yield of magnetites increases. The pure magnetites will be successfully obtained when the ratio of glycerol to water is 6:4. However, no magnetite will be gained in a pure glycerol system. Therefore, magnetites can not be acquired in pure water and glycerol reaction systems. Additionally, Fe 3 O 4 nanoparticles will be acquired by using amorphous Fe(OH) 3 precursor instead of needle-like α-FeOOH at the same experimental condition (seen from Fig.5a ). Therefore, the precursor has influence on the morphology of asprepared magnetite. Finally, if the other reducing agents such as ethylene glycol (EG) are used instead of glycerol, Fe 3 O 4 nanoparticles will also be obtained from the needleshaped α-FeOOH precursor(seem from Fig.5b ). It is convinced that the shape of precursor and the kind of reducing agents play vital roles in controlling the morphology of magnetite at the same given reaction system. Based on the above experimental results and discussion, the formation progress of rod-like magnetite in the C 3 H 8 O 3 -H 2 O reaction system was as follows. (2)]. Then, the Fe(OH) 2 will be immediately oxidized into Fe 3 O 4 molecules [reactions (3)]. When the concentration of Fe 3 O 4 molecules was supersaturated, ultrafined Fe 3 O 4 nanoparticles will be formed in the solution by nucleation and growth. In order to reduce the energy of the reaction system, these ultrafined Fe 3 O 4 nanoparticles will be assembled into Fe 3 O 4 crystal nanorods under the chain-like polyglycerol molecule templates which are generated from the glyceraldehydes at 180 o C [reactions (4)]. From the above discussion, it was convinced that the shape of precursor, the kind of reducing agents and the ratio of C 3 H 8 O 3 to H 2 O play vital roles in the formation of rod-like magnetite. Therefore, a dissolution-reductiontemplate assembling formation mechanism of Fe 3 O 4 nanorods can be took into consideration. Fig.6 shows magnetization hysteresis loop of the as-obtained rod-like magnetite which exhibits a typical ferromagnetic behavior. The oriented singlecrystal rod-like magnetites have excellent magnetic properties. The saturation magnetization of (M s ) and the coercivity (H c ) are about 90emug -1 and 172Oe as shown in the down-right inset of Fig.6 , corresponding to an expanded low-field hysteresis curve ,which are close to the values of bulk Fe 3 O 4 (85-100emug -1 and 115-150Oe, respectively) [16, 29] . The high H c and M s of rod-like magnetites can be attributed to the magnetic anisotropy of as-prepared Fe 3 O 4 crystals which are fast separated in 10secs by placing a magnet near the vessels (seen from the up-right inset of Fig.6 ) .Therefore, the as-prepared Fe 3 O 4 nanorods are promising to be applied in constructing nanoscale magnetic devices and high-density storage media. 
Magnetic properties
CONCLUSION
In summary, we developed a convenient and low-cost route to highyield single-crystal Fe 3 O 4 nanorods. It was found that the precursors, the kind of reducing agents and the ratio of glycerol to water were all the crucial factors that determined the composition and morphologies of the products. More importantly, the as-prepared Fe 3 O 4 nanorods had a magnetic saturation value as high as 90emu.g -1 and hoped to be applied in fabricating magnetic nanodevices and high-density storage media. Furthermore, some other oxide hydroxides such as β-FeOOH and γ-FeOOH can also be used for obtaining one-dimensional Fe 3 O 4 nanostructures using this synthesized method. The related researches should be also valued in the future.
